Remediation of cellular hypoxic damage by pharmacological agents.
Many known pathological conditions lead to decreases in oxygen supply to various cells. When secondary cellular hypoxia becomes severe, it causes additional cellular damage, aggravating the primary disorder and leading to cell death. Therefore, remediation of secondary hypoxic damage should significantly increase the efficacy of the treatment of primary disease and prevent extensive cellular damage. Analysis of the literature and our experimental data show that the main mechanisms of secondary hypoxic cellular damage include lactate acidosis (lactic acidosis), the boost in free radical processes and the activation of apoptosis and necrosis. These factors result in damage to cellular membranes which in turn further limits oxygen supply leading to augmented hypoxic cellular damage. Therefore, to effectively break this vicious cycle of cellular hypoxia, antihypoxic therapy should simultaneously: (1) mitigate existing cellular hypoxic damage; (2) increase cellular ability to utilize available oxygen; (3) amplify the power of cellular antioxidant defense and (4) prevent hypoxic activation of apoptosis and necrosis. It is clear that such complex task cannot be fulfilled by a single pharmacological agent. Therefore, a complex multi component antihypoxic drug delivery system should be designed to address all the four desiderata indicated above. This review will examine existing pharmaceutical antihypoxic preparations and evaluate the new methods for the pharmacological remediation of cellular hypoxic damage and propose future directions for the design of the needed drug delivery systems.